Inflammation and cancer stem cells (CSCs) are becoming increasingly recognized as components of tumorigenesis in breast cancer. In the present study, the association between inflammation and BCSC phenotype was evaluated in human breast cancer tissue. Immunohistochemical staining for cluster of differentiation (CD)24, 44, 4, 8 and 68 was performed using tissue microarray blocks containing 47 consecutive cases of invasive breast carcinoma and 10 normal breast tissue samples. The levels of inflammatory modulators and cytokines, and intratumoral or peritumoral lymphocyte infiltration, were assessed. BCSCs were defined as CD44 + /CD24tumor cells. In total, 21.3% of samples exhibited the CD44 + /CD24phenotype. This phenotype was identified to be significantly inversely associated with lymph node metastasis. In addition, the CD44 + /CD24phenotype was significantly associated with the molecular subtype of breast cancer, and was particularly increased in the basal-like subtype. Furthermore, the CD44 + /CD24phenotype was significantly associated with intratumoral inflammation and tumor-infiltrating CD4 + T cell counts. Notably, tumor-infiltrating CD4 + T cells were significantly increased in patients with the basal-like molecular subtype of breast cancer. In conclusion, the present study identified a significant association between inflammation and the CD44 + /CD24phenotype in breast cancer. These results suggest that the interaction between inflammation and CSCs may affect the tumorigenesis and progression of breast cancer. Further studies are required to clarify the role of inflammation and CSCs in breast cancer.
Introduction
The association between inflammation and the development of cancer has been suggested for numerous years (1, 2) . Specifically, in breast cancer inflammation is increasingly recognized as an important component of tumorigenesis. Previous studies have reported that numerous inflammatory mediators influence breast cancer development and progression (3) (4) (5) (6) (7) .
There is increasing evidence that cancer stem cells (CSCs) mediate tumor growth and metastasis (8) . CSCs possess two main properties, the ability to self-renew and the ability to differentiate into heterogeneous lineages of cancer cells that comprise the tumor. Breast tumors cells that exhibit the properties of CSCs have been termed breast CSCs (BCSCs) (9, 10) . Previously, it has been suggested that inflammation may regulate BCSCs, and certain immune mediators have been reported to influence BCSC biology (11) . There is an investigation into immunotherapies targeting CSCs and an initial report has demonstrated the potential of immunotherapy as a cancer treatment (12) ; however, the mechanisms underlying these approaches are not yet fully characterized. The majority of previous studies were pre-clinical, and the role of inflammation and CSCs in patients with breast cancer was not well defined. In the present study, the association between inflammation and the BCSC phenotype was evaluated in human breast cancer tissue. In addition, the association between BCSCs and inflammation in the progression of breast cancer was investigated.
Materials and methods
Patients and tissue microarrays (TMAs) . A total of 47 consecutive patients with primary breast cancer who had undergone surgery between May 2008 and November 2011 at Daegu Catholic University Hospital (Daegu, Korea) were included in the present study. The inclusion criteria were as follows: i) Patient had primary breast cancer; ii) patient provided informed consent; iii) patient had undergone surgery, including breast conserving surgery or mastectomy; iv) patient had a tissue sample available following surgery. All patients were female; the mean age of the patients was 55.77±13.47 years (range, 34-90 years).
All data was retrospectively analyzed. All tissue specimens had previously been formalin fixed, paraffin embedded, stained with hematoxylin and eosin, and reviewed by an experienced pathologist. The clinical information of the patients and their tumor characteristics, including tumor size, nodal status, histological grade, lymphovascular invasion status and other prognostic factors, were evaluated based on medical records, and pathological reports. Breast cancer staging was assessed according to the seventh edition of the American Joint Committee on Cancer staging manual for breast cancer (13) . Histologic grade was assessed using the Nottingham grading system (14) . Ethical approval for the study was obtained from the Institutional Review Board of Daegu Catholic University Hospital. Written informed consent was obtained from all patients.
TMAs were constructed using representative paraffin blocks of 47 cases of invasive breast carcinoma and 10 normal breast tissue samples obtained from the same patients, following the method described in our previous study (15) .
Immunohistochemical staining. Immunohistochemical staining was performed on TMA sections, including cancer and normal tissue, using the Bond Polymer Intense Detection system (Leica Microsystems, Inc., Buffalo Grove, IL, USA) according to the manufacturer's protocol with minor modifications. The TMA blocks were cut into 5-µm-thick sections and deparaffinized with Bond Dewax solution (Leica Microsystems, Inc.). An antigen retrieval procedure was performed using Bond ER Solution (Leica Microsystems, Inc.) for 30 min at 100˚C.
Endogenous peroxidase activity was quenched with hydrogen peroxide for 5 min at 25˚C. Sections were then incubated for 15 min at room temperature with primary monoclonal antibodies directed against the following proteins: cluster of differentiation (CD) 24 The samples were then treated with a biotin-free polymeric horseradish peroxidase-linker antibody conjugate system (Bond Polymer Refine Detection; ready-to-use dilution; cat. no. DS9800; Leica Biosystems, Inc.). Staining was performed in a Bond-Max Automatic Slide Stainer (Leica Microsystems, Inc.). A BX50 light microscope (Olympus Corporation, Tokyo, Japan) was used to visualize staining at x400 magnification; the stained cells were manually counted.
Expression levels of CD24 and CD44 were graded on staining intensity and the proportion of positively stained tumor cells. The levels of immunopositivity were semiquantitatively scored as follows: 0, No staining; 1 + , minimal staining intensity, <10% of cells positively stained; 2 + , moderate staining intensity, 10-50% of cells positively stained and 3 + , marked, staining intensity, >50% of cells positively stained. Scores of 0 and 1 were designated as negative, and 2 and 3 as positive. Examples of this staining are illustrated in Fig. 1 . BCSCs were defined as CD44 + /CD24tumor cells. For ER and PR, nuclear staining in ≥1% of tumor cells was considered positive. Cytoplasmic and membranous staining of any intensity in ≥5% of the tumor cells was considered as positive for Bcl-2. Membranous staining for HER2 with strong complete staining in 30% of the tumor cells was regarded as HER2 overexpression. p53 staining was scored positive if ≥5% of the cells were stained with a strong intensity. The Ki-67 labeling index was expressed as a percentage and was graded as high if the number of positively stained cells was ≥14%.
The CD4, CD8 and CD68 immunostained TMA sections were evaluated under a microscope and the number of CD4 + and CD8 + T cells and CD68 + macrophages were counted in the stroma and cancer cell nests. Examples of this staining are illustrated in Fig. 2 . Intratumoral (in the tumor cell nest) or peritumoral (in the stroma around the tumor) lymphocyte infiltration was semiquantitatively graded as follows: 0, No lymphocyte infiltration; 1, mild scattered lymphocyte infiltration in either stroma or tumor cell nest; 2, moderate lymphocyte infiltration with some lymph follicle formation; 3, dense and widespread lymphocyte infiltration.
Reverse transcription polymerase chain reaction (RT-PCR).
The levels of inflammatory modulators and cytokines, including tumor necrosis factor (TNF)-α, interleukin (IL)-2, -4 and -6, interferon (IFN)-γ and nuclear factor (NF)-κB p50 were assessed by the levels of mRNA transcripts in frozen tissue using RT-PCR. Total RNA was extracted from frozen breast cancer tissues using Trizol reagent (cat. no. A33250; Invitrogen; Thermo Fisher Scientific, Inc.). Subsequent to lysing and homogenizing samples in the Trizol reagent, the samples were incubated for 5 min at room temperature. Chloroform was added to the samples, and the samples were agitated for 15 sec, then incubated for 2-3 min at room temperature. Following centrifugation for 5 min at 12,000-16,000 x g at 4˚C, the RNA in the samples was precipitated by adding isopropanol. The samples were washed with in 75% ethanol then the RNA was dissolved with RNase-free water. The RNA was quantified by measuring absorbance at 260 and 280 nm.
To determine the expression of ALCAM, inflammatory modulators and cytokines, reverse transcription of the total RNA was performed. First-strand complementary (c)DNA was generated using a commercial kit (Superscript II RNase H-reverse transcriptase, cat no. 18064071; Invitrogen; Thermo Fisher Scientific, Inc.) used according to the manufacturer's protocol. For the PCR of ALCAM, TNF-α, IL-4, IFN-γ and NF-κB p50, the following primers were used: ALCAM, forward, 5'-CAA GAC AAC CAA GGC TGA CA-3'; reverse, AGC TGT TTC ATG TC-3'. β-actin was used as a reference gene and the primer was as follows: Forwards, 5'-AGG GTG TGA TGT GGG TAT GG-3'; reverse, 5'-CAG GAT CTT CAT GAG GTA GTC-3'.
PCR was performed with 1 µl of cDNA and 0.4 U Taq polymerase (cat. no. #18038042; Thermo Fisher Scientific, Inc.). The thermocycler settings were as follows: An initial temperature of 94˚C for 2 min, then 35 cycles of 94˚C for 30 sec, 65˚C for 30 sec and 72˚C for 1 min. PCR products were analyzed by agarose gel electrophoresis and visualized with ethidium bromide staining.
Statistical analysis. Statistical analyses were performed using SPSS software (version 15.0; SPSS, Inc., Chicago, IL, USA). A one-sample Kolmogorov-Smirnov test was used to evaluate the distribution of continuous parameters. The association between BCSC phenotype and the number of inflammatory cells was assessed using a Student's t-test for CD8 + T cells and CD68 + macrophages and a non-parametric Mann-Whitney U test for CD4 + T cells. The association between other inflammatory modulators and the BCSC phenotype was assessed using a χ 2 test for intratumoral and peritumoral inflammation, and Fisher's exact test for TNF-α, IL-4 and NF-kB p50 expression status. The association between the BCSC phenotype and the clinicopathological characteristics of the patients was analyzed using the Chi-square test for categorical data, including menopausal state, T stage, node metastasis, histologic grade, lymphovascular invasion, ER, PR, Bcl-2, p53 and EGFR expression status, HER2 overexpression status, Ki-67 index and molecular subtype. All tests were two-tailed. P<0.05 was considered to indicate a statistically significant difference.
Results
The clinicopathological characteristics of the patients included in the present study are illustrated in Table I . The mean age of the patients with breast cancer was 55.77±13.47 years (range, 34-90 years). All cases were categorized into four groups according to the immunohistochemical results for CD44 and CD24 (Table II) . Of the 47 patients, 10 (21.3%) exhibited the BCSC phenotype (CD44 + /CD24 -). CD44 positivity was significantly higher in postmenopausal women compared with in premenopausal women (P=0.004; data not shown). Intratumoral inflammation was significantly more frequent in the CD44-negative groups (P= 0.018) compared with CD44-positive groups (data not shown). A CD44 + /CD24phenotype was significantly inversely associated with lymph node metastasis (P=0.038; Table III ). The CD44 + /CD24phenotype was also significantly associated with the molecular subtype of breast cancer (P=0.042), being particularly more abundant in the basal-like subtype (Table III ). In addition, the presence of CD44 + /CD24tumor cells was associated with intratumoral inflammation (P=0.032; Table III ) and tumor-infiltrating CD4 + T cell counts (P=0.003; Table IV ).
Analysis of the clinicopathological significance of inflammatory mediators and inflammatory cells demonstrated that tumor-infiltrating CD8 + T cells were significantly increased in patients with basal-like subtype of breast cancer (P=0.037) compared with other molecular subtypes (data not shown).
Discussion
There is increasing evidence that inflammation and CSCs are associated with carcinogenesis in numerous tumor types (11, (16) (17) (18) (19) . Recent studies have suggested an association between inflammation within the tumor microenvironment and CSCs (17, 19) ; however, the effect of inflammation on CSCs has yet to be fully determined. Blaylock (19) reported that inflammation is essential to cancer induction through its mutagenic effects on stem cell DNA. Shigdar et al (17) demonstrated that inflammatory response and stimuli from immune cells, including cytokines, cause cancer cells to dedifferentiate into CSCs through several signaling pathways, including the NF-κB signaling pathway. In breast cancer, several studies have reported that inflammatory signaling within the tumor microenvironment affects CSCs (20) (21) (22) (23) . Particularly, IL-6 has been reported to induce epithelial-mesenchymal transition, which has been implicated in the generation of a stem cell phenotype (20, 21) . The main inflammatory cells in the tumor microenvironment are lymphocytes and macrophages, and the main inflammatory cytokines include TNF-α, IL-6, IL-8 and IFN-γ. Based on the results of previous in vitro studies (20) (21) (22) (23) , the association between inflammation and CSCs in human breast cancer tissue was analyzed in the present study. The results of the current study demonstrated that intratumoral inflammation and tumor-infiltrating CD4 + T cell counts are associated with CSCs in breast cancer. Typically, activated Th1 cells secrete TNF-α, IL-2, TGF-β and IFN-γ, and activated Th2 cells secrete IL-4, -5, -6, -10 and -13 (24, 25) . In combination with the results of previous studies, the results of the current study suggest that tumor-infiltrating lymphocytes are implicated in the generation of CSCs through their secretion of inflammatory cytokines. It has been suggested that CSCs mediate tumor growth and metastasis (8, 10) . However, the prognostic significance of CSCs in breast cancer remains unclear. Previous studies have reported that BCSCs are associated with the basal-like molecular subtype of breast cancer and a poor clinical outcome (26, 27) . However, Mylona et al (28) revealed that BCSCs are associated with a lack of lymph node metastasis and an improved clinical outcome. Furthermore, Abraham et al (29) reported that BCSCs were not associated with the clinical outcome. Notably, consistent with these previous studies, the results of the present study demonstrated that a BCSC phenotype (CD44 + /CD24 -) was significantly associated with the basal-like molecular subtype of breast cancer, which confers a poor prognosis, whereas it was significantly inversely associated with lymph node metastasis. These results suggest that BCSCs may be able to initiate tumorigenesis (30) , but that signaling pathways that modulate BCSCs, and interactions between BCSCs and the tumor microenvironment, may affect breast cancer progression. Further studies are required to clarify the prognostic significance of CSC phenotype in breast cancer.
It has been recognized that inflammatory mediators in the tumor microenvironment affect breast cancer development and progression (3) (4) (5) (6) (7) 31) . Previous studies have revealed that cytotoxic T lymphocytes and natural killer cells exhibit antitumor activity against breast cancer (32) (33) (34) . However, numerous studies (31, (35) (36) (37) have demonstrated mechanisms by which breast tumors avoid antitumor immune responses; protumorigenic inflammation in breast cancer has been reported (31) . The inflammatory mediators in breast carcinogenesis include proinflammatory cytokines and chemokines, including IL-1, IL-6, IL-8, TNF-α, MCP-1, CCL5 and CXCL1/2 (3,6,7). Furthermore, previous studies have suggested that CD8 + T cells exhibit antitumor activity in breast cancer, which is dependent on the breast cancer subtype (38, 39) . Liu et al (38) reported that CD8 + T cell infiltration was associated with improved patient survival in basal-like, but not non-basal, triple negative breast cancer. In the current study, the clinicopathological significance of inflammatory mediators and inflammatory cells were investigated, and tumor-infiltrating CD8 + T cells were revealed to be increased in patients with the basal-like subtype of breast cancer compared with other subtypes. However, it was not possible to analyze the prognostic role of tumor-infiltrating CD8 + T cells in basal-like breast cancer in the current study. Further studies investigating the mechanism by which inflammation influences the progression of different breast cancer subtypes are warranted.
Although preliminary evidence suggests that inflammation and BCSCs are associated with breast carcinogenesis, there is limited data available. The acquisition of more clinical evidence is important for designing effective therapies and identifying improved therapeutic targets for patients with breast cancer. The present study analyzed the association between inflammation and the BCSC phenotype in human breast cancer tissue. However, the results of the current study were limited due to a relatively small sample size, and the clinical significance of these results requires further evaluation.
In conclusion, the present study identified significant associations between inflammation and the BCSC phenotype in breast cancer. The results suggest that the interaction between inflammation and BCSCs may affect tumorigenesis, in addition to the progression of breast cancer. Further studies are required to clarify the role of inflammation and BCSCs in breast cancer.
